Introduction
Polyvinyl alcohols) with styrylpyridinium, PVA-SbQ, have good solubility in water. The cycloaddition reactions of styrylpyridinium compounds have been shown to occur via the excited singlet state and are favored by aggregation [1, 2] . One of the applications of photosensitive PVA-SbQ is to produce screen printing plates. The photoimages of negativeworking system are developed by water treatment.
The purpose of this study is to elucidate the properties to water of PVA-SbQ and poly(vinyl alcohol-b-acrylic acid) block copolymers with pendant SbQ groups, P(VA-b-AA)-SbQ. The physical state of water in the water-swollen film was studied with differential scanning calorimetry (DSC). In addition, the thermal properties of polymer films were analyzed by evaluating the DSC and the dynamic mechanical thermal analysis (DMTA) curves.
Experimental
The PVA (DP=1700) and P(VA-b-AA) (DP=1700,PVA:PAA=8:1 mol%) with a saponification value of 98.5 mol% were supplied by Kuraray Co., Ltd.. The photosensitive polymers were prepared, by acetalization with formylstyrylpyridinium (FSbQ) according to the known method [3] . The 7 wt% polymer solutions obtained were cast with a doctor blade and dried in an oven at 60 °C for 2 h, and then at 100 °C for 18h under vacuum just before its measurement.
The films were irradiated by a high-pressure Hg lamp with a pyrex glass filter. The films having about 50 µm in thickness were immersed in water to the equilibrium at 25 °C. The weight of the swollen films , and then the dried films were measured. The DSC measurement on films was performed using a thermal analyzer DSC-3100 (Mac Science) at a heating rate of 10 °C min-1 under nitrogen flow. Dynamic mechanical thermal analysis (DMTA) was performed for film specimens (15 mm long, 5 mm wide, and about 50 µm thick) on a thermomechanical analyzer at a load frequency of 0.1 Hz and a heating rate of 5 t min-1 under a nitrogen atmosphere.
Results and Discussion
As an example, the DSC curves obtained for the films after immersing in water at the equilibrium state are shown in Fig. 1 , together with that of pure water. The PVA-SbQ films exhibit two endothermic peaks at a temperature close to the freezing point of pure water and much lower than 0 °C . The former (f1) and the latter (f2) peaks correspond to the frozen free water and the frozen intermediate water in the swollen film, respectively [4, 5] . The presence of the frozen intermediate water in the swollen P(VA-b-AA)-SbQ film cannot be recognizing in the DSC curve. Fig. 2 shows the concentration of the absorbed three different kinds water, indicated as the mole ratio of water to polymer repeat unit (p.r.u.), r, on the DSC scans of swollen PVA-SbQ films. The concentration of the non-freezing bound water was calculated by subtracting the concentration of the frozen waters from the total concentration of water. The concentration of the frozen free water in the swollen PVA-SbQ film has the maximum in the vicinity of pH 6. The concentration of the non-freezing bound water and the frozen intermediate water at practically not dependent on the total water content of the films. There is no significant difference in the non-freezing bound water content among the PVA-SbQ and the P(VA-b-AA)-SbQ films, whereas the PVA-SbQ films contain much more frozen free water than the P(VA-b-AA)-SbQ films in the region of pH 3 to 7. The concentration of absorbed water for P(VA-b-AA)-SbQ films is strongly dependent pH, which is due to the pH dependence of the ionization of the acrylic groups on the chain. Fig. 3 shows the variation of the residual amount of films after immersing in water at pH 3 or 11. The higher the degree of photocrosslinking, the higher is the degree of residual amount of films, and eventually it is held constant around SbQ groups 0.7-0.9 mol% in a P(VA-b-AA) polymer.
The residual amount of a P(VA-b-AA)-SbQ film has higher than that of a PVA-SbQ film. The presence of SbQ groups prevents crystallization of polymer chains and increases amorphous chains. However, the association of polymer chains results in an increase of the resistance to water despite of the decrease in the crystallinity. Despite the large free volume fraction in the P(VA-b-AA)-SbQ film, the water-resistance of a P(VA-b-AA)-SbQ film is higher than that of a PVA-SbQ film. The water resistance of the P(VA-b-AA)-SbQ film is dependent on the degree of ionization of the acrylic groups on the chain, rather than the degree of crystallinity of films. 
